


Ci» py 

RM No. L8G23 


24 



Classification Change fo 

UjNCLASSiFlfO 

>-.L. ' 


RESEARCH MEMORANDUM 


EFFECTS OF ASPECT RATIO ON AIR FLOW AT HIGH 
SUBSONIC MACH NUMBERS 


O' 


By 


W. F. Lindsey and Milton D. Humphreys 

Langley Aeronautical Laboratory 
Langley Field, Va. 




CLASSIFIED DOCUMENT 


This dkJCioDsnt eontadiis classlllad Isformstloa 
sS8Ctlj« tte NitioaiLl Defense of Uie United 
Ststes within the meaning at the Espionage Act, 
use S0:S1 and 32. Its transmission or the 
revelation of Its contents in any manner to an 
unauthorised person is prohibited by law. 

Information so classified may be Imparted 
only to persona in the military and naval 
services of the United States, appn^rlate 
clvUlan officers and emploirees of the Federal 
Government who have a legitimate interest 
therein, and to United States clUsens of knoam 
loyalty and discretion who of necessity must be 
informed thereof. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 

October 4, 1948 




Cq^FlDENTIAL'l 


NACA EM No. La323 HiSljMiHi. 

NATIONAL ADVISORY COMMITTEE FOR 



RESEARCH MEMORANDUM 


EFFECTS OF ASPECT RATIO ON AIR FLOW AT HIGH 
SUBSONIC MACH NUMBERS 
By W . F . Lindsey and Milton D . Humphreys 


SUMMARY 


Schlieren photographs were made to determine the effects of changing 
the aspect ratio from infinity to two on the air flow past a wing at high 
subsonic Mach numbers. ■ The results indicated that the decreased effects 
of compressibility on drag coefficients for the finite wing are pro- 
duced by a reduction in the compression shock and flow separation. 


INTRODUCTION 


Previous investigations at hi^ subsonic speeds have shown that the 
adverse effects of compressibility on the force characteristics of wing 
sections in two-dimensiQnal flows are greatly alleviated for wings of 
low aspect ratio. Al;^hough reference 1 showed the over-all effect of 
decreasing the aspect ratio of a wing^ it did not provide any concrete 
infoimatlon on the changes involved within the flow • 

An investigation has been conducted in the Langley rectangular 
hl^-speed tunnel to provide information on the differences between the 
flow past wings of infinite aspect ratio and of aspect ratio two. The 
information was obtained in the form of schlieren photographs of the 
flow at hl^ subsonic Mach numbers. Both wings had the profile of the 
NACA 0012 airfoil. 


0 

APPARATUS AND TESTS 


The tests were conducted in the Langley rectangular high-speed 
tunnel, a nonretxim, induct! on- type tunnel having a 4-inch by l8-inch 
test section. The models tested were wings of rectangular plan form 
having NACA 0022 profiles. The 2-inch-chord wings had aspect ratios 
of infinity and two. 
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The infinite-aspect-ratio wing completely spanned the U-inch dimen- 
sion of the tunnel.- The wing was.- supported at "both- ends hy the glass 
end-. plates which formed part of -the -tunnel walls; The wing of aspect - ' 

ratio "two vms securely attached to one of the glass end plates and ex- 
tended one semispan (2 in.) into the air stream. The support system 
did not interfere with either the air flow or the optical field. 

Schlieren photographs having an exposure of approximately 2 micro- 
seconds were obtained for -the models at angles of attack of 0° and 4° 
at Mach numbers between 0.5 and 0.9. The corresponding Reynolds number 
range was between 5 *3 X 10^ and J .6 X 10^ . 


SYMBOIS 


A aspect ratio 

a angle of attack 

Cl wing lift coefficient 

Cp wing drag coefficient 

M free- stream Mach number 


RESULTS AND PRECISION . 


The variations in lift and drag coefficient with Mach number for the 
wings were obtained from reference 1 and are presented in figures 1 and 2 
The data are presented to correlate and supplement the schlieren photo- 
graphs of the flow (figs. 3 to 6) obtained in the present investigation. 

'The data for -the infinite-aspect-ratio wing (figs. 1 to 3 and 5) 
have been corrected for tunnel-wall effects by the methods of reference 2 
The tunnel-wall corrections on the data for -tlie wing of aspect ratio two 
were of the order of one-half percent and therefore were neglected. 

Data within a Mach number Increment of 0.025 of the choked condition 
are not Included. 

Theoretical optics (reference 3) indicate that -bhe contrast ob- 
tained in a schlieren photograph as a result of a given density gradient 
normal to the knife edge is directly proportional to -the extent of the 
gradient traversed by the li^t. Errors could be expected, therefore, 
to occur in a direct comparison of schlieren photographs of the flow 
past these wings- of different spans. The deductions were based upon 
ideal optical conditions including a fixed sensitivity of -the system 
which, in practice, is dlfficixlt to maintain. Further analysis of this 
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problem, including some experimental studies, indicated that comparisons 
between intensities of shocks in flows past wings of different spans 
mi^t not be valid; however, the boundary- layer conditions and the 
presence and extent (normal to stream) of shocks as shown by the photo- 
graph should agree with the conditions existing in the field of 
observation. 


DISCUSSION 


The data of reference 1 indicated for an angle of attack of 0° that 
approximately zero-lift coefficients were obtained for the symmetrical 
wings of aspect ratios two and infinity over the Mach number range 
(fig*, l). For the zero-lift condition (a = 0°), the low-aspect-ratio 
wing was shown to have a higher Mach number for dreig rise and lower. drags 
at Mach numbers above 0.79 than had the infinite wing or section (fig. 2) 
The schlieren photographs of the flow past the two wings at zero lift 
show strong disturbances on the infinite wing at a Mach number of O .78 
(fig. 3 (c)), whereas comparable disturbances are not obtained on the 
low-aspect-ratio wing until a Mach number of O .83 has been reached or 
exceeded (fig. 4(d)). The occurrence of the strong disturbances or 
shocks in figures 3(c) and 4(d) corresponds to the Mach nuaiber regions 
of drag rise. The figures thus illustrate that the reduction in aspect 
ratio produced a delay in the Mach number for drag rise as a result of 
a delay in shock formation. The delay in shock formation on the low- 
aspect-ratio wing can be attributed to the known effect of the inflow 
at the tip of a finite wing in producing a decrease in the induced 
velocities over the wing. 

At zero lift and Mach numbers of'O .83 and 0.86 the .drag coefficient 
of the low-aspect-ratio wing is approximately 30 percent of the values 
for the inf inite-aspect-ratio wing (fig. 2). The corresponding 
schlieren photographs (figs. 3 (e) and 3(f), 4(d) and 4(e)) show that 
the decrease in drag coefficient for the low-aspect-ratio wing is a 
result of less extensive compression shock and less severe flow separa- 
tion than was encountered by the infinite wing. 

{ 

The variations in shock with Mach number at an angle of attack of 4° 
for both wings are shown in figures 5 and 6 . Tne lift coefficients for 
the two wings generally differed over the Mach number range (fig. l). 

At 'a Mach number of O. 83 , lift coefficients of approximately 0.15 were 
obtained for both wings (a = 4°) and the drag for the low-aspect-ratio 
wing is approximately one-third of the drag for the infinite wing (fig. 2 ) 
The flow photographs for this lifting condition (figs. 5(e) and 6 (d)) are 
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in agreement with the zero -lift case and indicate that the decrease in 
drag coefficient is a result of reductions in shock and sepeiration 
losses . 


Langley Aeronautical Laboratory 

National Advisory H onmi ttee for Aeronautics 
Langley Field, Va. 
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F/^ure Effect of a s/^ect rat/o 0/7 the mriatjon 
c>f t/ft coefficient-u>ith Mach nuirt her fof ivinqs having 
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(a) M = 0.71. 


(b) M = 0.75. 



(c) M = 0.78. 


(d) M = 0.80. 



(e) M = 0.83. 


(f) M = 0.86. 


Figure 3.- Schlieren photographs of the flow on the NACA 0012 wing of infinite 

aspect ratio at 0*^ angle of attack. 
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(c) M = 0.78. 



Figure 4.- 



Schlieren photographs of the flow on the NACA 0012 wing of aspect 
ratio 2 at 0° angle of attack. 
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(a) M = 0.60. 


(b) M = 0.65 



(c) M = 0.70. 


(d) M = 0.78. 



(e) M = 0.83. 


(f) M = 0.87. 


Figure 5.- 



Schlieren photographs of the flow on the NACA 0012 wing of infinite 
aspect ratio at 4° angle of attack. 
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(a) M = 0.63. 


(b) M = 0.73. 



(c) M = 0.78. 



(d) M = 0.83. 


(e) M = 0.86. 


Figure 6.- Schlieren photographs of the flow on the NACA 0012 wing of aspect 

ratio 2 at 4° angle of attack. 
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